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AiETHOPy USING PROSTAGLANDINS ^ u r9FuU 0 ^ Pftetr^^Cy 

(71) We/ll^" Up john Co w— corporation organized and existing under 
the laws of the State 61 Delaware UMUd States of America, of 301 Henrictu Street, 
Kalamazoo, State of Michigan, United States of America, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and the iKthod by 
5 which it is to be performed, to be particularly described in and by the foHowing state- 5 
ment: — 

The present invention relates to methods of ensuring the r^ulanty of menses of 
ovulating female mfitnT nalfg including htmians and animals such as monkeys, rats, 
rabbits, dogs and catde. The ovulating female mammals to be treated may or may not 

10 have been sexually exposed at the time of ovulation. Thus the invention includes 10 
methods whereby pregnancy of a female mammal that has been exposed to a male at or 
subsequent to ovulation is prevented. Still furthermore the invention relates to methods 
of inducing labour in pregnant female mammals. 

A crude mixture, called prostaglandin was reported by von Euler, Arch. Ext. 

15 Path, Phami Abs. 175,78 (1934); 181 (1936); J. Physiol 72,74 (1931); 81,102 (1934); 15 
84,21 (1935) 88,213 (1936); and K'tn Wschr 14, 1182 (1935). More recently essen- 
tially pure crystalline PGF (PGF OF,.) has been isolated, British Patent 851,827 
and Acta Chemica Scandinavica 14, 1693 (I960). Microbiological conversions of 
unsaturated fatty acids with manmialian glandular tissue are described in U.S. Patents 

20 No. 3,290,226 and 3;J96,091. In the laner patent PGF (PGFi or PGF,.) is designated 20 
as 7 - (3a,5ff - dihydroxy - 2 - (3 - hydroxy - 1 - octcnyl) - cydt^tylj - heptanoic 
add to conform to die following structure: 



1 2 3 A- 5 6 7 
COOH-CHg-CHg-CHg-CEg-CHg-CHg 




123 it 5678 
CHmCH-CHCGB)-GE2-CH2~^^*^^~^3 



The PGF-type prostaglandins are characterized by the presence of the hydroxyl 
25 gix)up at the 5-position in the cyd(^)entanc ring. The desipiation PGFio shows die 25 
configuration of the hydroxyl at the 5-position. Various other members of the PGF- 
type are known and are named either systematically or in terms of their relaticxiship 
to PGF. Illustrative thereof are PGFs, or 7 - [3a,5cr - dihydroxy - 2 - (3 - hydroxy - 
1 - octenyl) - cydopentyl] - 5 - heptcnoic add, PGFa* or 7 - [3a,5a - dihydroxy - 2 - 
30 (3 - hydroxy - 1,5 - octadicnyl) - cydopentyl] - 5 - heptcnoic add, and dihydro PGFia 30 
or 7 - {3o,5a - dihydroxy - 2 - (3 - hydroxy - octyl) - cydopentyl] heptanoic add. 
Details of preparations from available materials are disdosed for dihydro PGF,o, 
PGFro, and POF,* in Biochimica and Biophysica Acta, 84, 707 (1964), and for 
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PGFu is U.S. Patent No. 3,069,322. Bergstrom, Carlson and Weeks, Phannacological 
Reviews, Vol. 20, No. 1, 1892 (1968) review "The Prostaglandins". 

It has now been found according to tbc present invention that a method of 
ensuring the regularity of menses of an ovulating female mammal comprises admini- 
stering systemically to the mammal a compound of the formula : — 



HO 



CHg-Y- (CHg) j^-COOH 
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wherein X is CH,CHn or trans CH = CH and both Y and Z arc CHjCHj; X is trans 
CH = CH, Y is ds CH==CH and Z is CH-CH; or cis C3H = CH; m is 0, 1 or 2 and n 
is 2, 3, 4 or 5 or an acyiate thereof wherein the or each acyl radical is that of a hydro- 
carbon carboxylic add having 1 to 8 carbon atoms, or a pharmaceudcally acceptable 
salt or carboxylate ester derived from a hydroxy compound having 1 to 8 carbon atoms 
inclusive of such a con^wund, on one or miore occasions during a period starting 
substantially at ovulation and ending at die anddpated menses. 

Pharmaceudcally acceptable salts for example, those of alkali metals and alkaline 
earth bases, such as die sodium, potassium, caldum and magnesiiun salts; those of 
ammonia or a basic amine such as mono-, di-, and trietfaylamines, benzylamine, hetero- 
C3^c amines such as piperidine and morpholine, and amines containing water-solulHl- 
izing or hydrophilic groups such as triethanolaxnine and phcnylmonoethanolamine are 
disclosed in U.S. Patent No. 3;J96,09L Carboxylate esters such as methyl, ethyl, and 
cydohex^ havinp no more than 8 carbon atoms arc formed by the usual methods, c,g. 
reacti<Hi with d> ethane or similar diazohydrocarbons as in U.S. Patent No. 
3,296,091, Acylaies of lower alkanoic adds of 1 to 8 carbon atoms indusive arc pre- 
pared in the usual manner by reaction of the respective prostaglandin adds with the 
appropriate add anhydride or add balide, e.g., those of acetic, propionic, butyric, 
isobutyric, valeric, caproic, and caprylic add^ as in Great Britain Patent Spcdfi- 
cation No. 1,040^44. 

The i^iilarity of menses can be ensured by the methods of mvention even if the 
female manunal has been exposed to a male. Thus pregnancy of a female mammal 
that has been exposed to a male at or subsequent to ovulation is prevented by admini- 
stering systemically to the tnammgl on one or more occasions subsequent to exposure 
but prior to the anticipated menses a compound cf Formula I. 

Oxnpounds which are e^>edally useful for the above purposes are those having 
the general formulae: — 



15 



20 



25 



30 




and 



11 



1,285.371 




wherein R, is hydrogen, alkyi of 1 to 8 carbon acorns inclusive, or a pharmacologically 
acceptable cadon, and R^ are hydrogen or alkanoyl of 1 to 8 carbon atoms inclu- 
sive with the proviso that when R3 is alkanoyl, R. is also alkanoyl, m is zero or 2, 
and X, Y and Z are — CHiCH«— , or X is trans— CH = CH—, Y is ci&— CH = CH— , 5 
and Z is — CHjCHj— or cis— CH ^ CH— . 

When R2 and R5 in a compound of Formula II or III ire both alkanoyl they can 
be the same or different. 

These compounds of Formulae II and III and the preparation thereof are des- 
cribed and claimed in our copending Application No. 8645/72 (Serial No. 1285372). W 

Escamples of alkyI of 1 to 8 carbon atoms arc methyl, ethyl, propyl, butvl, pentyl, 
hexyl, hcptyl, octyl, and isomeric forms thereof. 

Examples of alkanoyl of 1 to S carbon atoms, inclusive are formyl, acetyl, pro- 
pionyl, butyryl, valeryl, hcxanoyl, heptanoyl, octanoyi, and isomeric forms thereof. 

Pharmacologically acceptable cations within the scope of R, in fonnulas II and 15 
III are quaternary ammonium ions or the cauonic form of a metal, ammcmia, or an 
amine. 

Especially preferred metal cations are those derived from the alkali metals, e.g., 
lithium, sodiimi, and potassium, and from the alkaline earth metals, e.g., magnesium 
and caldimi, although cationic forms of other metals, c.g., aluminium, zinc, and iron, 20 
are also within the scope of Ri. 

Pharmacologically acceptable air>- canons within the scope of R, in formulas 
II and III are those derived from ( secondary, or tertiary* amines. Examples of 

suitable amines are methylamine, durjurihyiamine, trimethylanunc, ethylanune, dibut^- 
amine, triisopropylamine, N-methylhexylamine, decylamine, dodecylamine, aliyJamine, 25 
crotylamine, cydopentylamine, dicyclohexylamine, benzylamine, dibenzylamine, a- 
phenylethylamine, j3-phenylethylamine, ethylenediamine, diethylenetriamine, and like 
aliphatic, cycloaliphatic, and araliphadc amines containing up to and including about 
18 carbon atoms, as well as heterocyclic amines, e.g., piperidine, mor][rfxdine, pyrroli- 
dine, piperazine, and lowcr-alkyl derivatives thereof, c.g., 1-methylpiperidine, 4-cthyl- 30 
morphoUne, l-isopropylpyrrolidinc, 2-methylpyrroIidine, 1,4-dimediylpiperazine, and 
2-methylpiperidine, as well as amines containing water-solubilizing or hydn^hilic 
groups, e.g., mono-, di-, and triethanolamine, etfayldiedianolamine, N-butyletfaanol- 
amine, 2-amino-l-butanol, 2-amino-2-etbyl-l,3-propanediol, 2-amino-2-metfav]-I-pro- 
panol, tris(hydn)xymcthyl)aminomeihan^ N-phenylethanolamine, N-(p-tcrt-amyl- 35 
phcnyl)diethanolamine, galactamine, N-methylglucamine, N-methylglucosamine, 
ejrf)edrine, phenylephrine, epinephrine, and procaine. 

Examples of suitable pharmacoiogically acceptable quaternary ammonium cations 
within the scope of R, in formulas 11 and III are tetramethylarnmrnium, tetraethyl- 
ammonium, beozyltrimetfaylammonium, and phenyltriethylammoniimi. 40 

The compoimds of fonnulas II and III are somewhat similar to certain of the 
natural prostaglandins. The latter arc considered to be derivatives of prostanoic 
add which has the following structure: 
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The naturally-occurring prostanoic add derivative, prostaglandin Fi. (PGFm), has the 
following structure : 

^ ^ *C0OH 



40 




The compound of formula II wherein R|, R^, and Rs are hydrogen, and X is 

5 trans— CH=:CH—, Y is cis— CH = CH— , and Z is — CH,CHs— , has the same 
structure as PGF^. except that this fonnub II compound has one less carbon atom 
in the '^vdroxy-containing side chain («t>-nor) when m is zero, and oim more carbon 
atom . the same chain (unhorao) when m is 2. The other compounds enoHnpassed 
by formula II are similarly rdat^ to the known prostanoic acid derivatives dihydro- 

10 PGF„ and PGF5.. The compound of formula III wherein Ri, R^, and Rs are hydrogen 10 
has one less carbon (to-nor) than the known PGF:o. 

These (i>-nor and (o-bomo PGF« compounck of formulas II and III are extremely 
potent in causing various biological responses of the general type caused by the corres- 
ponding natural PGFo compounds. R^arding the biological responses caused by the 

15 natural PGF. compoumdSy see, f^H* example, Bergstrom et al., Pharmacol. Rev. 20, 1 15 
(1968), and references cited therein. 

Thus these formula II and III compounds are useful for ensuring die irregularity 
of menses and in place of oxytocin to induce labor in {Mtq^iant animals, including man» 
cows, sheep, and pigs, at or near term, or in pregnant animals with intrauterine death of 

^ the fetus from about 20 weeks to temu For this purpose, the compound is fveferably 20 
infused intravenously at a dose 0.01 to SO ug. per kg. of body wei^ per minute imtil 
or near the termination of the second stage of labor, i.e., expulsion of the fetus. These 
compoimds are especially useful when the female is one or more weeks post-mature 
and natural labor has nor started, or 12 to 60 hours after the membranes have ruptured 

25 natural labor has nor irred. 25 

Thus a method acc> ..^ to the present invention of inducing labour in a pr^- 
nant female mammal comprises administering systemicolly to the mammal a compound 
of Formula n or III. 

^ The methods of the invendra are preferably conducted by adntiinistering the 

^ active ingredient systemically to the fmale maxtmials, in the form of pharmaceudcal 30 
compositions. Pharmaoeutical composidons comprising as the active ingredient a 
compoimd of Formula II or III are described and claimed in our copending Apf^- 
canon No. 8645/72 (Serial No. 1285372). 

It is preferred to administer the ccmipounds of Formula I in the form of ccmiposi- 
35 tions in dosage unit forms for ease and economy of administration and uniformity 35 
of dosage. Dosage tmit form as used in the specification and claims herein refers to 
physically discrete units suitable as unitary dosages for animal and human subjects, 
each unit containing a predetermined quanuty of acdve material calculated to produce 
the desired biological effea in association with the required pharmaceudcal means. The 
spedficadons for the dosage unit forms of this invention are dictated by and direcdy 40 
dependent on (a) the unique diaraoeristics of the active material and the parricular 
biological effea to be achieved and (b) the limitations inherent in the art of com- 
pounding such an acdve material for administration to animal and himian subjects as 
disclosed in detail in this spedficadon. 
45 For example effecdvcness in eitsuring regularity of menses is dependent on pro- 45 

viding in tbe female an effective amount ^ the acrive ingredient during a span of time 
starting approximately at the dme of ovtdadon and ending ai^mzimately at the time 
of oaenses or just prior to menses. Within this span wherdn the preparations and 
methods are operable, variations in time and frequency of administradon are possible 
SO provided an effecuve amount of the essendal active ingredient is made avaHable. This 50 
span correlates with development oi the corpus luteum upon which, aooording to some 
experimental data, a luteolydc effect is exerted by dK present preparations and 
methods. Various methods of administration arc possible. lUustrati^y, daily intra- 
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venous ixifusion of a sterile aqiieoiK phannaceuncal prq>aradon oofiTaining the acdve 
ingredient starting on or about the sixteenth day of the qrde and ending on or about 
the last day or two of the cycle is an efTecdve mode of administration. This mode noay 
be varied to allow for infusion of larger amounts on each of two or three days. Infusion 
5 administration on the second or third day prior to expected menses can be used. 5 
Another method is the injection of a sterile pharmaceutical unit dosage preparation in 
an aqueous or oily vehicle form injected over a schedule of about one injecdon on each 
of two or three days. Preferably the sterile aqueous and the sterile oil preparation 
contain up to about 500 rag per milliiitre of said active ingredient. Also in another 
10 preferred feature when the active ingredient is administered in the form of a sterile 10 
aqueous solution the latter can contain up to about 50 mg per milliiitre of said active 
ingredient. A further method is the injection of a sterile aqueous suspension of a car- 
boxylate ester as heretofore described or an acylaie as heretofore described. In this 
method one injecdon on or about the sixteenth or seventeenth day of the cycle is 
15 effective to bring about menses in the ovulating female at the usual rime although 15 
sexual exposure occurs at the time of ovulatioiL The sterile aqueous suspension pre- 
ferably also contains up to about 500 mg per milliiitre of said caiboxylate ester or 
acylate. Another method is by use of an intravaginal composition; illustrad>Yly, an 
intravaginal suppository administered once every three days starting on or about the 
20 seventeenth day of the cycle unril the ensuing menses appean. The iniravaginal com- 20 
position preferably contains up to about 500 mg of the active ingredient. 

Yet another method is sublingual or buccal adminiscradon of a suitable pharma- 
ceutical preparation whereby the principal active ingredient is direcdy available to 
the blood su|^iy and thereby exerts its beneficial dfea. One sudi pharmaceutical 
25 preparation held under the tongue imtil dissolved once or twice daily starting on or 25 
about the seventeenth day of the cycle is effective to maintain the required amount of 
the active prostaglandin t\'pe ingtedient to prevent pregnancy during the particular 
cycle although oralation and exposure to the male have occurred. Other injectables 
are, for example, combinations of a water soliibk salt and an acyiate or carboxylate 
30 ester to provide both inunediate and prolonged action. A dry prcparatira for recxynsti- 30 
tudon as desired with an appropriate liquid, e.g. sterile saluie is also used in another 
method. The compoimd is administered sublingually or bucally preferably in dosage 
imit form containing up to 200 mg of the active ingredient. 

The aforesaid prostaglandins are adnunistened in dosage unit forms of pharma- 
35 ceutical preparations supplying to xhe treated female mammal an effective amount 35 
of the essential active ingredient f< < rol of the reproductive cyde, i.e. by ensuring 
a nonpregnant cyde in the fcmaic notwithstanding ovulation and contact with a 
fertile male as by natural coitus during the aforesaid span extending from on or about 
the time of ovulation to just prior to e x pected menses. Additionally, the ovulating 
40 female obtains r^ularity of the reproductive cyde by utilizing the preparations and 40 
methods of this invcnticm, apparendy due to aiding the natural cyde regression of die 
corpus luteunu The preparation can be in the fonn of a fine powder of 25 microns 
or less, preferably prepared by air micrcnuzation, such powder being used as a vaginal 
insufflation. The powder can be suitaUy compounded with a oompatiUe extender, 
45 e.g., lactose. Other pharmaceutical preparations in dosage unit form are compounded 45 
of the essential prostaglandin active ingredient and pharmaceutical means which adapt 
the preparation for systemic administration. The (rfiarxnaceudcal preparations for 
administration to the humans and animals indude those for injectable, sublingual, or 
buccal and vaginal adminisoation. Those for mjectable administration are, for examine, 
50 sterile aqueous solutiozis, sterile aqueous suspensions, sterile oily soltm'ons or suspen- 50 
sions, stnile powders for subsequent tnQE>rporation into an injectable fonn by addition 
of the required sterile vehidc. The solutions or suspensions are compounded with the 
required pLamaceutical means such as preservatives, suspending and dispersing agents, 
and isotonic agents, for exam{rfe, methyl and propyl parabens, sodium diloride^ poly- 
55 ethylose glycols, espedally polyctfayleoe glycol 4000, sodium caxboxymethylcellulose, 55 
sodium alginate or polyvinyl pyrroHdone, poly sorbate 80, condensation products of 
ethylene oxide with fatty adcb, for example polyozyethylene stearate; or with fatty 
alcsobok, for example heptadecaetfayleneoxycetanol, or with partial esters, for example 
polyox>'«thylene sorbitol mono-oleate or hexitans derived from sorbitol, for examfrie 
60 polyoxyethylene soit»tan mono-oleatc. Preservative such as mcth^ and propyl p- 60 
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hydroxy benzoates are inoorporaced into such suspensions or dispersions. Suspensions 
in oily media can be prepared by dispersing the active ingredient in an acceptable oily 
means, for example a vegetable oil such as sesame oil, peanut oil and cottonseed (m1. 
These may contain means to delay adsoipticHi, for example aluminum monostcarate. 
5 All dosage unit forms for injecuble adnunistradon must be sterile as is known and 5 
practiced in the art. 

Preparations for vaginal applicaticm include the essential active ingredient reduced 
in particle size to a powder suitable for insufflation or suitably mixed with inen 
excipient means such as laaose. Such preparations also indude suppositories and 

10 other formed structures such as ring devices for intravaginal use containing the 10 
essenual active ingredient, for example a silicone polymer device in the form of a 
toroid which will release the essential active ingredient during a predetermined period 
of time. The amount of the essential active ingredient provided by tlK various dosage 
forms is suffident to supply a dosage of from 0.01 mg. to 20 mg. per kilo of the 

15 treated host, depending on the desired promptness, duration and magnitude of the 15 
end result. The amount of the prostaglandin compound used in the several methods 
of ihe invention, whether for oral, injectable, or intravaginal administration can be 
expressed in percentage b>' weight or in sped&c amounts. These percentages or specific 
amoimts will vary in view of the different onset and duration of the biological effects 

20 that attend each dosajge imit fozm. For example, a sterile aqueous suspension designed 20 
for prolonged action after one injectim can contain as much as S07o by weight 
whereas a sterile aqueous solution as diluted with sterile saline for infusion can contain 
as little as 0.00005% (0.5 mg. in a 1000 mL infusion equivalent to 0.01 mg/kilo for 
a 50 kilogram woman). A stenle aqueous solution for direct intravenous admintstradon, 

25 without dilution as with physiological saline can contain for example, 5% or more. 25 
Dosage unit forms such as the sublingual and intravaginal types can contain as mudi as 
200 mg. and 500 mg. respectively. Other suitable compositions include, for example, 
oily preparations, dr>' preparations for suspension and solution, which are designed to 
provide the dosages of from 0.01 mg. to 20 mg. per kilo of body weight. 

30 Although the exaa mechanism of action of the essentiid active ingredient of the 30 

prostaglandin type in controlling the repny^.2ctive cycle is not certain, the action 
manifests itself in several ways, for exami^ hy regulating menses or heat so that the 
lengdi of the cycle conforms to a predetermined span; by preventing reim>duction 
despite ovulation and natural exposure to sperm; and by a luteolytic phenonunon 

35 involving regression of corpora lutea. This phenomenon will terminate anestrus. 35 
The mechanism of of the prostaglandins in the treated females is a 

matter for conjecture althc agii experimental data indicate that a lutnriytic mechanism 
and regression of the corpus luteum may be involved. A pharmaceutical preparation is 
made up by dissolving PGF»a in physiological saline at a concentration of 125 m<^./ml. 

40 and adjusting the pH widiin the range of 5 to 7 with bicarbonate bluffer. Cycling 40 
normal rats (200 to 300 gm.) art prepared with a right uterine cornea indwelling 
catheter. Weeks and Davis, J. Appl. Physiol. 79, 540 (1964). At the third normal pro- 
estrus pseudopregnancy is induced by vaginal stimulation with an electric pnriie. 
Vaginal smears are taken to confirm pseudopr^nancy. On the morning of day 5 

45 of pseudo*pregnancy the pharmaceutical preparation of PGFz. is infused at the rate 45 
of 2.06 ml./day cqtiivalent to about 1 mg./kg./day of the PGF{«. The infusions of 
the PGF,. preparation and a like saline control are continued for 48 hours at which 
time the anunals are sacrificed and the ovaries harvested and placed in 1 ml. of 2.5% 
NaOH sohmms for determination of {mgesterone and 20a*OH p roge ste rone. The 

50 determinations in two experiments are as listed in Table 1. 50 
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The data show that the effcCT of the PGF3. administration is a rcdurtion of 
progesterone content and an increase in the reduced steroid content, thus indicanng 
a luieolytic action through failure of effeaive progesterone content. 

Reference is directed under Section 9 to British Patent Speafications Nos. 
5 1,198,071 and 851,827. . . ^ 

The following arc some Examples of methods of the mvennon and compositions 

for use in these. 

Example 1 

Intravenous infusion of pharmaceutical preparation / , j m 

10 PGF,c is made up in sterUe saline solution at a concentration of 0.5 mg/ml. and 10 

us^d for admininraiion by infusion in female rats. Spartan Spraguc-Dawlcy rats are 
used. Males are experienced breeders and females (225—275 gm. body wt.) have 
typical vaginal cstrus cycles. Indwelling right heart cannulas are inserted dunng iwo- 
estnis. After cannulation, dailv vaginal smears are again taken to msye m ai n te n a n ce 

15 of normal cyclicitj'. Initially iiifusion of PGF.. (3.2 mg./kg./day in salme) commcno^ 15 
at 4.00 p.m. the afternoon before mating and continues for six additional days. The 
starting time of the infusion is later modified to commence on the morning foUowmg 
mating because of an adverse affca on mating behavior of the environment assoaated 
with the infusion equipment. The day of finding sperm in the vagina is considered 

20 Day 1 and the males are removed from the females at this time. ... 

On Day S, an explorator>' laparotomy is performed under ether anesthesia via a 
abdominal midline incision. Uteri are checked for number, size, anddistribution of 
implantation sites taking care to minimize any handling of the reproductive (tract. 
Incisions are closed with surgical silk, and animals renimed to their ong^ ages. 

25 On Day 18 females are placed in casting boxes. At panunrion or 011 Day 23 ammals 
are sacrificed and the number and condition erf the young are determined. 

Results: . ^. . . n -r 

Six of eight rats itifused with saline only conceive. Those animals average 11.7 
implantation sites at Day 8, and 7.8 develop fetuses. r u u v\ 

30 Three of 11 PGF., treated rats conceive. Implantation sices of one of these three ^ 

are bardy detectable at Day 8, no indication of pregnancy is evident at autop^ on 
Day 23. The remaining two have implants of normal size, ori die low side ot the 
average number and, in one rat» are predominantly in the anterior half of the uterine 
comu. Five fetuses at terTn -i^pear normal by gross inspectim. 

35 Example 2 35 

Subcutaneous administration of pharmaceutical preparation 
Prostaglandin (PGF2O is made up in sterile saline solution at a concentration 
of 0.8 mg./mL and used for subcutaneous administration in female rats. Spartan 
Sprague-Dawley rats are used. Males are experienced breeder? and females (225— 
40 275 gm.) have typical estrous cycles. Males are placed with females during proestrus 40 
and allowed to remain overnight. The following morning females are examined for 
vaginal ^ugs and the presence of sperm. Animals with vaginal sperm are started on 
lest, the day of finding sperm being considered Day 1. . ^. ^ 

A. 32 mg./kg. of PGF,. is injected subcotaneously daily in two evenly divided 

45 dosages. Animals are sacrificed on Day 8 at which time the number and size of 45 
implants arc recorded. The results arc in Table 2. ^ . ^ 

B. Females are injected subcutancofusly, b.i.d., (twice daily) on days 4, 5 and 6 
with ciiher 0,1 mg., 02 mg„ 0.4 mg^ or 0.8 mg. of PGFj« per day. The rats are 
sacrificed on Day 15. At the time of sacrifice the number, size and distribuDon of im- 

50 plants are recorded. The results arc in Table 3. 50 
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Table 3 

Effea of PCF^a when injected Subcutaneously on Days 4, 5 and 6 



Day 15 



10 



15 



20 



25 



30 



Treatment 


Dose b j.d. 


Total Dose 
(mg)— No. of 
rats 


No. of tats with 
implantation 
sites 


Av. No. 

of 
Implants 


Physiological 
Saline 


0.5 cc 


0.0 (3) 


3 


12.7 




0.05 mg 


0.3 (3) 


2 


10.5 




0.1 „ 


0.6 (3) 


2 


10.0 




0.2 „ 


1.2 (3) 


2 


5.0 




0.4 „ 


2.4 (3) 


0 




Example 3 



oiu^Aiuuicous aanuiusQaaan ox pnarmaoeuncai preparauon 

PGF^o is made up in sterile physiological saline at a concentration of 10 mg./ml. 
and used for subcutaneous administxation in female rabbits. 

Mature virgin Dutdi rabbits weighing about 1 J kg. each are used. Each of ten 
females is mated twice with two different proven males and the day of finding sperm 
in the vaginas of the female rabbits is Day 1. Thereafter, subcutaneous injections arc 
begun on Day 4 with the mated animals divided into five groups eadL 

In Group I each rabbit receives two subcutaneous injections per day of the 
pharmaceutical preparati(»i providing a total daily dosage of 5 mg.^gyday of the 
PGFjf.. In Group II each of the five nuted female rabbits receives two like daily 
injections subcutaneous! v 5 ml. of physiological saline. 

The injections arc given on each <rf five days and thereafter on Day 12 the animals 
are sacrificed and autopsied. In none of the nibbits injected witfi the PGFs. prepar- 
ation are implantation sites found at autopsy. In the other group of saline-treated 
controls four of the rabbits have implancadon sites with the number of implants 
being respectively 8, 5, 8 and 8. The fifth animal in this group shows no evidence of 
imi^anation sites. 

ESAMPLH 4 
Intravaginal administration of suppository 

PGFz. is made up in a suppository base ccmtaining two parts by weight of poly- 
g tlyiene glycol 6000 and one part by weigjit of polycth^ene f^ycol 1500. The 
support tones are formed into peUcts with a volume of apimzimately 1 ml. The siq>- 
posttories for administratioo of the prostaglandin contain 8 mg. each of the PGFa* 
prosG^andin material 

Ten female rabbits are eadi mated twice with two different proven males and 
the day of finding of spcnn in the vagina is taken as Day 1. Each rabbit is treated once 
on days 4, S, 6, 7, and 8 for a total of five days. Since the individual rateits weight 
about 1.6 kg., the dosage of the prostaglandin material in the medicament-treated 
animals is 5 mg./kg./day. 

In none of the five prostaglandin-treated rabbits are implantation sites found 
upon autopsy on Day 12. In each of the five oontrd rabbits treated with saline ttere 
arc unplantation sites averaging 6, 5, 5, 7 and 9 sites respectively. 

Example 5 
Aqueous solution 

Mature female rficsus monkeys (5—6 kg.) are mated nanirally at a time and for a 
duraucm of the reproductive cyde calculated to maximize the chances of conception. 
Tte day <rf ovulation is determined by foUowing peripheral blood progestin levels, 
and ovulation is confirmed by laparotomy. Prostaglandin F,. (PGF,.) is dissolved 25 
mg./ml. in edumol and diluted to 15 mg./ml. with a sterile aqueous meth^odlulose 
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Sodium PGF*. 25 Gm. 

Lactose Hydrous 50 Gm. 

Sodiimi Bipho^rbatc anhydrous 1.6 Gm. 

Sodium Phosphate Eisiocatcd 17 J Gm. 

Water for injection q.s. ad 1000 ml. 
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vehicle (0.25%). This prostaglandin prcparaoon is injected subcumowisly ba.<L, 30 
mg./day for 5 days. Injection is initiated on Day 7 after the presumed day of ovulation 
in one animal, female No. 16-M. The other tiirec test animals are miccted on Days ii 
to 15 post ovulation. Peripheral plasma progestin levels are followed during the cycle 
current to the rime of injection. Pregnancy is diagnosed by rectal palpation to drtcr- 
mine uterine enlargonenc All test animals are observed for systemic signs of drug 

toxicity during the course of the experiment. . , ^ j ^ • • • ^- 

Peripheral blood progestin levels are not completely dq)rcssed by minatrng pro- 
staglandin injection on Day 7. However, progestin levels fall precipitously almost to 
non-detectable levels in three test animals foUowing the initiation of dnig 
Day 11. This drop in progestin level is followed by onset of menses on the 2nd, 3nl 
and 4th day of injection. One of the four test animals, No. 2-M is diagnosed pregnant 
40 days after mating. Previous control fertility and a confirmed pregnancy m a con- 
current control animal indicate planned mating under the cwiditions <rf this experiment 

15 results in a 75—80% fertility rate. r ■ i • .^rrt 

No systemic signs of drug toxicity are noted m any of the annnals m the present 
experiment. Slight tissue necrosis at some of d>e injection sites and a general tightemng 
of the skin in the local area of injection are noted. 

Example 6 

Sterile Aqueous Suspension 20 
A sterile vehicle is prepared to contain in each milUUtcr 30 mg. of polytthyteoc 
glycol 400 U.S.P. and 2.9 mg. of preservative. Sterilization is accomidished by filtration 
thru a sterile clarifying pad. . i x «f 

2.2 liters of suspension is prepared to contam 400 mg. per ml. of the acetate or 

25 P^P-- Each ml. Total 

Acetate of PGFu StcrUc, ^ 

micronized 400 mg. 898 Gm. 

Sterile Vchidc 149^ Gm. 

aft Add the sterile acetate to about 95% of the required vehide until a smooth s^penston 30 
is obtained. Add the balance of the sterile vehide and mix well. Pass the whole thru 
a sterile null and coUect in a sterile container. . j • 

Intramuscular injectiwi of 1 ml. to the ovulating human 1 day after coitus dunng 
the fertile period is followed by menses at the usual time. . ^ 

The acetate is replaced by th \Tate, propionate or aforesaid similar acylate 35 
or by the methyl, ediyl or similar csur oi PGFu wiA Uke results. 

Example 7 
Sterile Aqueous Solution 
A sterile aqueous solution for intravenous infusion administration is prepared from 
the following ingredients to contain 25 mg. per ml, erf the sodium salt of PGF»,. 40 



One milliliter is administered by intravenous infusion to the ovulating human female 
after intercourse during the fertile period of the cydc. The infusion is given two 
days before expected onset of menses. It can be repeated on the day brforc expected 
menses. Lc"scr amounts of the active ingredient can be used for infusions given on 
50 three or four days cft on several days. There af t er menses occurs at the usual time in 50 
the menstrual cyde. 

Example 8 
Intravaginal Suppository 
Jntravaginal siqppositories arc prepared to contain in eadi suppositoiy 250 mg. 
55 of prostaglandin PGFt.. One dmusand suppositories are ptcpaici by moulding a 55 
mixture of the following ingredients: 



# 
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PGFj., micronized 250 Gtn. 

Polyethylene glycol 6000 650 Gm. 

Lactose 100 Gnu 

Starcing on the second day post-ovulation op:; si^ipositoiy is used tntravagiaally 
5 each day in the ovulating human female with the result diat messes occurs on the 28th i 
day of a normal 28-day menstrual cycle. 

ILSAMPLE 9 

intrr vaginal Device 

An intrava^-'r d device in the form of a toroid is prepared to contain 700 mg* of 
10 dihydro PGFu dispersed in the toroid. The prostaglandin-type active ingredient is 1 
dispersed throughout a vulcaciizable pol>*siloxane polymer ^fAich is then moulded in a 
ring structure to provide a toroid for placement in the vaginal tract. The toroid ring 
structure is inserted into the vagina after ovulation where it releases the active in- 
gredient azKl exerts its beneficial biological effea with n>enses following at the expected 
15 time in ihe menstrual cycle. At that time the imravagi&al device is removed. like 1 
results are obtained with an annular ring coated with the prostaglandin. 

Example 10 
Sublingual AdminisGratioo 
One thousand tablets are prepared from the following ingredients, each containing 
20 50 mg. of active ingredient. ^ 

PGFja, micronized 50 Gm. 

Polyethylene glycol 4000, powdered 150 Gm. 
Polyethylene glycol 6000, powdered 75 Gm. 

The materials are mixed well and compressed into sijd>lingual-type tablets of the 
25 proper wei^t. At the time of ovulation the human female uses one under the tongue 1 
and one daily thereafter to ensure that menses will occur at the end <rf die normal 
meisstrual cycle in the particular female. 

Ex.\MPl£ 11 
Sterile Aqueous Solution 

30 A sterile aqueous solution containing in each milliliter 50 mg. of PGFs« is pre- 2 

pared from the following ingredients: 

PGF^ 50 Gm. 

Etfaanol 300 ml. 

Water for injection q.s. ad 1000 ml 

35 The PGFsa is dissolved in the cthanol and then carefully diluted with the sterile water i 
for injection. Thereafter the whole is sterilized by sterile filtration. One milliliter 
injected intravenously into an ovulating bitch on the 10th and 15tfa days after sexual 
contact with a known fertile smd is beneficial in insuring that the usiol heat period 
will take {rface in the bitch indicating that pr^nancy is prevented. 

40 Ot!w embodinkents in the various dosage unit forms are prqwed with the 4 

additional compounds represented by the formula heretofore described and used with 
like beneficial results in the contnd of the reproductive cyde. 

The claims that are set out below are solely daims to methods of treating female 
manunab and we specifically state that no claim is made to dx mammals treaued by 

45 these methods. 4 
We make no claim herein to any method ol treatmg a human ovulating female 
in a manner contrary to the offences against the Person Act 1861, as amended and 
darified by the Abortion Aa 1967. Subjea to the aforesaid disdainier^: — 
WHAT WE CLAIM IS : — 

50 1. A method of ensuring the regdarity of nxnses of an ovulating femafe maminal 9 

comprising administering systemically to die mammal a oompoood ol the foamiIa:~ 
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wherein X is CH^CH, or trans CH ==CH and boch Y and Z are CHtCHs; X is trans 
CH = CH, Y is cis CH = CH and Z is CH.CH, or cis CH = CH; m is 0, 1 or 2 and 
n is 2, 3, 4 or S or an acyiate thereof wherein the or each ac^i radical is that of a ^ 
hydrocarbon carboxylic acid having 1 to 8 carbon atonis, or a phaimaceuncaUy 
acceptable salt or carboxylate ester derived from a hydroxy conqKmnd having 1 to 8 
carbon atoms inclusive of such a compound, on one or more occasions during a period 
starting substantially at ovulation and ending at the anddpated menses. 

2. A method in which pregnancy of a female mammal that has been exposed 

to a male at or subsequent to ovulation is prevented by administering systemically to die 1 
mammal on one or more occasions subsequent to exposure but prior to the anddpated 
menses a compound as defined in daim 1. 

3. A method aco^ding to daim 1 in which the compound is administered by 
intravenous infusion to the mammal each day from substantially the sixteenth day 

of the otenstrual cyde. 1 

4. A method according to daim 1 in which the compound is admiaistmd in 
the form of an tntravagmal composidon once every three day* from substantially the 
seventeenth day of the menstr\ial cyde. 

5. A method according lo ctnim 1 in whidi the compound is injected in the 

form of a sterile aqueous or oil\ jraticm on two or three days of the period. 2 

6. A method according to dami 1 in vrtiicb the compound is adm^tered by 
infusion two or three days before the antidpated menses. 

7. A method according to daim 1 or 2 in which a sterile aqueous dispersion of 
an acyiate or carboxylate ester as defined in daim 1 is administered by injection sub- 
standaUy on the sixteenth or seventeenth day of the meosmial cycle. 2 

8. A metl^ according to any {Receding daim in wfaidi the conqxmnd is a 
compound of the formula: — 




C6b 



wherein Ri is hydrogen, aOtyl of 1 to 8 carbm atoms, indusivc, or a pharmamlogically 
30 acceptable cation, Rz and Rs are hydrogen or alkanoyl of 1 to 8 carbon atoms, indusivc 

with the proviso that when Rj is alkanoyl, R, is also alkanoyl, m is zero or 2, and 

X, Y, and Z are — CH:CHc— , or X is trans— CH=CH—^ Y is d»— C31 = CH— , and 

Z is —CHiCHt— or ds— CH = CH— . 

9. A method according to any ot claims 1 to 7 in whidi the compoiud is a 
35 compound of the formula : — 
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wherein Ri is hydrogen, alkyl of one to 8 carbon atoms, inclusive, or a pharmacologi- 
cally acceptable cation, and Rz and Rj are hydrogen or alkanoyl of one to 8 cartwn 
atoms, inciusive, with the proviso that when R» is alkanoyl, Rj is also alkanoyl. 
5 10. A method of inducing labour in a pregnant female niammal comprising 

administering systemicaJly to the mammal a con^xnmd as defined in daim 8 or clami 
9 

11. A method according to claim 5 or 7 in which the sterile aqueous preparation 
or suspension contains up to about 500 rag per mfllilitrc of said compound, 
10 12. A method according to daim 5 in which the sterile oH preparanon comarns 

up to about 500 mg per raiUilitre of said compound. 

13. A method according to claim 4 in whid" *e intravaginal composinon contains 
up to about 500 mg of the compound. ^ . ^ . . j u 

14. A method according to daim 1 in which the compound is admimsterca sub- 

15 lingually or buccally in dosage unit form containing up to 200 mg of said compound. 15 

15. A method according to daim 5 in which the sterile aqueous solution contains 
up to about 50 mg per millifce of said compound. j j • • 

16. A method according to any previous daim in which the compound adnum- 

stered is PGFa*. . ^ - j -w ^ 

20 17. A method according to any preceding daim substannaily as herem dcscnoed M 

with reference to the Examples. 

For the Applicants: 
JENNINGS & EVERY, 
^aartcred Patent Agents, 
51/52 Chancery Lane, 
London, W.C.2. 
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